Abstract Purpose: To determine the toxicity, safety, and immunogenicity of a human papillomavirus 16 (HPV16) E6 and E7 long peptide vaccine administered to end-stage cervical cancer patients. Experimental Design:Three groups of end-stage cervical cancer patients (in total n = 35) were s.c. vaccinated with HPV16 E6 combined with or separated from HPV16 E7 overlapping long peptides in Montanide ISA-51 adjuvant, four times at 3-week intervals. Group 1 received 300 Ag/ peptide at a single site and group 2 received 100 Ag/peptide of the E6 peptides in one limb and 300 Ag/peptide of the E7 peptides in a second limb. Group 3 received separate injections of E6 and E7 peptides, each at a dose of 50 Ag/peptide. The primary end point was to determine safety and toxicity of the HPV16 long peptides vaccine. In addition, the vaccine-induced T-cell response was assessed by IFNg enzyme-linked immunospot. Results: No toxicity beyond grade 2 was observed during and after four vaccinations. In a few patients, transient flu-like symptoms were observed. Enzyme-linked immunospot analysis of the vaccine-induced immune response revealed that coinjection of the E6 and E7 peptides resulted in a strong and broad T-cell response dominated by immunity against E6. Injection of the E6 and E7 peptides at two different sites increased the E7 response but did not affect the magnitude of the E6-induced immune response. Conclusions: The HPV16 E6 and E7 long peptide-based vaccine is well tolerated and capable of inducing a broad IFNg-associated T-cell response even in end-stage cervical cancer patients.
infection with high-risk human papillomaviruses (HPV; ref. 1) . Of the different high-risk HPV types that can cause cervical cancer (2), HPV16 alone is responsible worldwide for more than half of all cases of cervical cancer (1, 2) . Genital infection with high-risk HPV is very common and normally cleared within 1 year. However, in a minority (f1%) of the infected individuals, the HPV persists, ultimately resulting in genital neoplastic lesions.
Currently, a preventive HPV vaccine is on the market, which effectively prevents this persistent infection and associated disease by the induction of neutralizing antibodies against the envelope proteins of HPV16 and HPV18, the HPV type second on the list of most frequent HPV types associated with cancer. Although these vaccines are very efficient in the prevention of persistent infection by HPV16 and HPV18 (3 -8) and have potential for prevention of cervical intraepithelial neoplasia (9 -11) , there is no evidence for efficacy against established HPV16 and HPV18 genital lesions (3 -11) .
It is generally accepted that virus-infected cells can only be effectively dealt with by cell-mediated adaptive T-cell immunity. Consequently, immunotherapy capable of inducing robust HPV16-specific T-cell immunity is highly desirable for eradication of established HPV16 infection and diseases caused thereby, such as cervical intraepithelial neoplasia, vulvar intraepithelial neoplasia, cervical cancer, other anogenital lesions, and a high percentage of head and neck cancers. In animal models, we have shown that immunotherapy with long peptide vaccines consisting of HPV16 E7 peptides was capable of eradicating established HPV16 + tumors in mice (12) , whereas a cottontail rabbit papillomavirus (CRPV) E6/E7 long peptide vaccine suppressed CRPV-induced skin papillomas in rabbits (13) , which was associated with robust type 1 T-cell immunity. Moreover, in the course of our studies looking at the natural history of immunity to HPV16 in healthy blood bank donors and in patients with HPV16-induced diseases, we have noted that a robust virus-specific T-cell response, characterized by IFNg production, against the early proteins E2 and E6 of HPV16, is associated with protection against persistent infection and disease (14 -18) . This led to the hypothesis that immunotherapy with long IIA  CHRT  LR  CH  2  Died  2  22 34  IB1  RH  LR  CH  4  Died  3  23 35  IIIB  CH/RT/HT  D  CHRT  2  Died  3  24 44  IV  CH  -3  Died  2  25 44  IA2  RH  D  CH  0  Died  0  26 44  IA  RH  LR  RT  4  Died  2  27 60  IB1  RH  D  CH  4  Alive, stable  26  28 39  -RH  D  CHRT  3  Lost to follow-up  2  29 56  IV  CH  LR  RT  4  Died  2  30 48  IB1  RH/RT  D  RT  4  Alive, stable  24  31 51  IB  RH  LR  CHRT  4  Died  3  32 57  IB  RH/RT  D  RT  4  Alive, stable  24  3  33 33  IB2  RH/RT  LR  RT  1  Died  1  34 58  IIA  RH/RT  LR  RT/HT  4  Died  3  35 30  IIA  CH  LR  CH  1  Withdrawn  0  36 48  IB1  RH/RT  LR  2  Died  8  37 54  IIB  CH/RH  LR  CHRT  4  Died  3  38 42  IIIB  CHRT  LR  CH  4  Died  7  39 41  IB1  RH  LR  RT/HT  4  Died  17  40 34  IIB  CH/RH  LR  RT/HT  4  Died  4  41 32  IB1  RH  LR  SUR  4  Alive, stable  18  42 42  IB2  CH/RH  LR  RT/SUR  4  Alive, stable  18  43 29  IB1  RH/RT  LR  CH  4  Died  5  44 43  IB2  RH/RT  LR  CH  4  Died  7  45  ---CH  0  --46 49  -CHRT  -CH  4  Died  2  47 36  IIA  RH/RT  LR  CH/HT/SUR  4  Died  7  48 34  IIIB  RH/RT  D  RT  4  Died  8 NOTE: Numbers 1 to 13 were vaccinated with 300 Ag E6 and E7 each in a combined vaccination (patient group 1), numbers 14 to 32 were vaccinated with 100 Ag E6 and 300 Ag E7 in a separate vaccine (group 2), and numbers 33 to 48 were vaccinated with 50 Ag E6 and E7 each in a separate vaccine (group 3). The stage of the disease is given as the International Federation of Gynecologists and Obstetricians stage. The primary treatment, the localization of the recurrence, the secondary treatment, and the number of vaccinations in the current immunotherapeutic trial are shown. The follow-up time is depicted in months after the first vaccination; however, some of the patients were lost to follow-up after receiving one or more vaccinations. All death was because of progressive disease. From the six patients still alive at least one and half year after the vaccinations (i.e., July 2007), patient 14 is a complete responder. overlapping peptides of the E6 and E7 oncoproteins of HPV16 might induce a type 1 -polarized antiviral T-cell response associated with therapeutic effects. In a first step toward such immunotherapeutic vaccination, we treated patients with end-stage cervical cancer in a phase I toxicity study with a therapeutic vaccine consisting of the complete set of long overlapping peptides (25-35 amino acids long) of the oncogenic proteins E6 and E7 of HPV16. (Fig. 1A) .
Materials and Methods

Patients
The first group of patients (group 1, n = 11) has been vaccinated with a mix of E6 and E7 peptides at a dose of 300 Ag/peptide in Montanide ISA-51. The second group of patients (group 2, n = 17) received E6 peptides at a dose of 100 Ag/peptide in Montanide ISA-51 in one limb and E7 peptides at a dose of 300 Ag/peptide in Montanide ISA-51 in the other limb. In the third group (group 3, n = 15), the vaccine was given at separate injection sites, similar to second group, but at a dose of 50 Ag/peptide in Montanide ISA-51. Patients were accrued in each group until safety, tolerability, and the immune response were evaluated in at least five patients per group.
Safety and tolerability monitoring. Prompted and spontaneous adverse events, injection site reactions, clinical assessments, and clinical laboratory variables were monitored (Fig. 1A) . Injection site reactions were defined as induration, erythema, and tenderness. Beside the medical history, the patients were thoroughly examined physically and hematologically before and after each vaccination. An electrocardiogram was made before and 4 h after vaccination. Further vital sign examination included weight, temperature, pulse, blood pressure, oxygen saturation, and respiratory frequency before and following 1 and 4 h after vaccine administration. Blood samples were drawn before and 1 to 3 weeks after the vaccination for the analysis of leukocyte, lymphocyte, erythrocyte, and thrombocyte counts; hematocrit; hemoglobin; prothrombin time; and partial thrombin time. Clinical chemistry analysis was done for alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, anorganic phosphate, total bilirubin, g-glutamyl transpeptidase, sodium, potassium, creatinine, lactate dehydrogenase, and urea. During the vaccination, the women were admitted in day care and under observation in the hospital. Electrocardiogram, pulse and blood pressure, temperature, respiratory frequency, and oxygen saturation were monitored during the day. After finishing the vaccinations, the patients were seen at least every 3 months during the regular follow-up visits to the hospital. Only those patients who completed all four vaccinations were eligible for safety evaluation.
Lymphocytes. Peripheral blood mononuclear cells (PBMC) were isolated from fresh heparinized blood samples using Ficoll density gradient according to the manufacturer. The PBMCs were directly thereafter cryopreserved using a controlled freezing machine and stored in the vapor phase of liquid nitrogen until use.
HPV-specific T-cell immunity monitoring. Analysis of T-cell responses using 4-day IFNg enzyme-linked immunospot (ELISPOT) was conducted as described previously (19) . The following peptide pools indicated by the amino acid sequence within the antigen were used at a 5 Ag/mL concentration: E6. . The number of spots was analyzed with a fully automated computer-assisted video imaging analysis system (Biosys 4000). Specific spots were calculated by subtracting the mean number of spots of quadruplicate wells plus 2 Â SD of the medium only control from the mean number of spots of experimental wells. Antigen-specific T-cell responses were considered to be positive when T-cell frequencies were z1/10 4 PBMCs (19) . A vaccine-induced response was defined as a 3-fold increase in T-cell frequency after vaccination compared with the baseline sample (21, 22) .
Identification of T-cell type producing IFNg using intracellular cytokine staining. PBMCs were stimulated for 4 days with the peptide pools as described for the ELISPOT analysis (see above) before they were harvested and stained intracellularly for IFNg, CD4, and CD8 as described previously (16) . Briefly, autologous monocytes were loaded overnight with 5 Ag/mL of the peptide pools of HPV16 E6 and E7 or 10 Ag/mL of HPV16 E6 or E7 recombinant protein. After washing, the stimulated PBMCs were cocultured with these loaded monocytes for 1 h and another 5 h after the addition of 10 Ag/mL brefeldin A (Sigma) to prevent cytokine secretion. Then, the cells were harvested and stained with IFNg-FITC (clone 4S.B3; BD PharMingen), CD4-APC (clone RPA-T4; BD PharMingen), and CD8-PerCP (clone SK1; BD PharMingen). A positive response was defined as at least twice the percentage of IFNgproducing CD4 + or CD8 + T cells as in the medium only control and the response should be visible as a clearly distinguishable population of IFNg-producing cells separated from the nonproducing cells. Fig. 1 . Vaccination scheme and HPV16-specificT-cell responses. A, schematic overview of vaccination scheme. ECG, electrocardiogram. B, for each patient group (top, group 1; middle, group 2; bottom, group 3), the number of patients responding to the HPV16 antigens E6 and E7 as analyzed in PBMC before vaccination (white columns), after two vaccinations (striped columns), and after four vaccinations (black columns) is shown versus the number of specific spots scaled from 1to 200 as determined by IFNg ELISPOT. As described in Materials and Methods, a positive response is defined as at least 10 specific spots per 100,000 PBMCs. Thus, the observed T-cell response is stronger at the right side. Notably, the peakT-cell responses are used to determine the strength of the response. Statistical analysis. Differences in the overall magnitude of the vaccine-induced immunity (as determined by IFNg ELISPOT) between the three patient groups were analyzed by comparing the mean number of specific spots for E6 or E7 immunity between the groups using nonparametric t test (unpaired, with Welch's correction). A P value of <0.05 was considered significant.
Results
Safety and tolerability. In total, 43 patients were included in the study (Table 1) . Thirty of them completed all four vaccinations. An additional five patients received in total three vaccinations. Five patients received two vaccinations and three patients received only one vaccination. In the blood samples drawn before and after every vaccination, no significant differences were observed in the hematology and chemistry values due to the vaccination. Overall, the vaccine was well tolerated. All patients experienced the vaccination as mildly painful. The pain vanished within 10 to 15 min. The local pain was graded lower than grade 2 according to the common toxicity criteria. Vaccination was mostly accompanied by redness of the skin at the injection site, which was scored as grade 1 to 2 toxicity. Toxicity and side effects beyond grade 2 were not observed. All patient deaths occurred due to progressive disease. A summary of adverse events is shown in Table 2 . Notably, the second, third, or fourth vaccination was associated with a painless swelling and sometimes redness of the previous injection sites in patient groups 1 and 2 but not in patients who received the lowest dose of the vaccine (patient group 3). Five patients experienced fever after one or more vaccinations. In these cases, body temperature did not exceed 40jC, was effectively treated with paracetamol, and was scored as grade 2 toxicity. Flu-like symptoms, such as fatigue, malaise, and chills (grade 1), were reported by seven patients and not necessarily after each vaccination. Currently (July 2007), six patients are still alive 18 to 25 months after vaccination, one with a complete remission and five with stable disease (defined as persistence of the disease without progression; Table 1 ). Four of them (ID 27, 30, 32, and 41) were treated with chemotherapy after immunotherapy.
Immunogenicity of long peptides vaccine. PBMCs isolated from blood samples drawn before the first, before the third, and after the last vaccination were subjected to a single IFNg ELISPOT analysis. In addition, patients who received only three vaccinations were included. In none of the patients in the three groups, circulating HPV16 E6-and E7-specific IFNg-producing T cells were detectable before vaccination.
In the first study group (patient group 1), seven of the seven analyzed patients showed T-cell reactivity against HPV16 E6 and four against E7 after two vaccinations. After four vaccinations, three of six analyzed patients responded to HPV16 E6 and two of the six patients against E7. The decline in number of responding patients after four vaccinations was probably due to the fact that their last blood sample was taken too soon (i.e., 7 days) after vaccination, whereas the other blood samples were drawn 3 weeks after vaccination. Therefore, the blood samples of patients in groups 2 and 3 were drawn 3 weeks after the last vaccination. The frequencies ranged between one HPV-specific T-cell among 10,000 PBMCs up to 1 of 400 (see Table 3 for complete overview). In Fig. 1B , the percentage of patients with a vaccine-induced HPV16 E6-specific (left graphs) or E7-specific (right graphs) T-cell response was depicted for the three patient groups versus the strength of this antigen-specific immunity, as represented by the peak response to a peptide pool measured by the ELISPOT. In patient group 1, the response to E6 was more vigorous than against E7, both in number of patients responding and in the strength of response (Fig. 1B) . We reasoned that the lower response to HPV16 E7 could be due to antigen competition and this prompted us to reconsider both the dose of the antigens as well as the administration of the two antigens at the same injection site. Therefore, the dose of HPV16 E6 peptides was lowered from 300 to 100 Ag/peptide and the E6 peptides were injected at a site distinct from the site of the E7 peptides. In this second study group (patient group 2), after two vaccinations, 9 of the 11 analyzed and evaluable patients displayed circulating HPV16 E6-specific T cells and 7 of the 11 patients against E7, and following four vaccinations, specific T-cell immunity directed against E6 was observed in 7 of the 10 patients analyzed and against E7 in 6 of 10 (see also Table 3 ). The response rate is not different between two and four vaccinations, suggesting that the timing of blood sampling is indeed important.
Because of the adverse events, associated with the injection of a large s.c. volume of Montanide ISA-51, observed in groups 1 and 2, a third group of patients was injected with a lower dose of antigen and, therefore, also a smaller amount of Montanide ISA-51. Patients in group 3 were vaccinated with HPV16 E6 separated from E7 at a dose of 50 Ag/peptide of each antigen. After two vaccinations, eight of nine analyzed patients responded to E6 and six of nine patients to E7 and, after four vaccinations, six of nine to E6 and four of nine to E7, similar to what was observed in the previous group. In addition, the peak IFNg-producing T-cell frequencies observed in patient group 3 were in the same order of magnitude as observed in patient group 2 (Table 3 ; Fig. 1B ). In conclusion, lowering of the dose of the antigens did not significantly reduce the number of responding patients or lower the peak of vaccine-induced responses to E6 and E7.
Analysis of the overall magnitude of vaccine-induced immunity by comparison of the median ELISPOT reactivity to E6 and E7 between the three groups showed that separation of the E7 peptides from the E6 peptides resulted in a significant increase in magnitude of the HPV16 E7-specific T-cell response (P = 0.02), whereas the median number of specific spots to E6 did not change (Fig. 2) .
We deviated from the protocol for patient 14 because this patient reached a complete response as shown by computed tomography scan 4 weeks after the last vaccination and remains disease-free until now (July 2007). To maintain her immune response, she received a fifth vaccination 3 months after the fourth vaccination. After this fifth vaccination and also at 5 months of follow-up, HPV16 E6-and E7-specific immunity was still detectable. To confirm that vaccination with long peptides resulted in an immune response to naturally processed antigen, the remaining cells after the 4-day incubation of the ELISPOT NOTE: The PBMCs were tested against four peptide pools of HPV16 E6 (E6.1-E6.4) and two peptide pools of E7 (E7.1 and E7.2). MRM was taken along as a positive control. In bold, the positive responses (definition is described in Materials and Methods) are depicted as number of specific spots per 10 5 PBMCs. Abbreviations: NE, not evaluable ELISPOT analysis; NA, no blood sample was available of that specific time point; -, the number of specific spots is lower than 1 per 100,000 PBMCs. Research.
on April 20, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from assay ( Fig. 3A) were subjected to an intracellular cytokine analysis that showed that the vaccine-induced HPV16 E6-specific T cells also recognized their cognate antigen when processed and presented by autologous monocytes loaded with HPV16 E6 recombinant protein (Fig. 3B) . Moreover, also, HPV16 E7 peptide-and protein-specific CD4 + T cells were observed. In conclusion, these results show that the long peptide-based vaccine against HPV16 E6 and E7 is indeed capable of inducing broad and vigorous antigen-specific T-cell immunity.
Discussion
In this phase I study, immunotherapy with synthetic long peptides representing the sequence of the oncogenic proteins E6 and E7 of high-risk HPV16 is proven to be safe and highly immunogenic in formulation with Montanide ISA-51 adjuvant. The maximal toxicity seen was grade 2 and consisted of discomfort and swelling at the vaccination sites and low-grade fever in the first 48 h after injection. These results fit with the clinical experience gathered thus far with peptide vaccination in Montanide adjuvant, showing only low-grade toxicity and strong immunogenicity (23 -27) .
In the quoted studies, mostly exact HLA class I -binding peptides were used for immunotherapy of metastatic melanoma, and the overall clinical results with such exact HLA-fitting peptides in patients with melanoma have been very disappointing worldwide (28) . However, our preclinical studies in mice indicate that immunization with extended peptides is superior to that with exact MHC class I -fitting peptides (refs. 12, 29, reviewed in ref. 30 ). First, exact MHC class I -binding peptides are exogenously loaded on all cells that express MHC class I. This leads to antigen presentation by nonprofessional antigenpresenting cells, a tolerizing immunization mode because only professional antigen-presenting cells can provide the proper costimulatory context for productive immune responses. Second, exact MHC-binding peptides lack helper epitopes for induction of CD4 + T cells, required for CD8 memory responses (31, 32) . Indeed, by vaccination with a long peptide containing both a helper and a CTL epitope of HPV16 E7, established HPV16 E6/E7-transformed tumors in mice were eradicated efficiently by the long peptide with CpG adjuvant (12) . In the absence of CpG, the in vivo CD8 CTL response induced by the long peptide in this study was abolished in MHC class II knockout or CD40 knockout mice (12) , underscoring the important role of the CD4 helper response in the induction of a CD8 CTL response. Long peptide vaccination has a strong antitumor activity not only in our preclinical mouse model (12) but also in a more realistic papillomavirus infection model in rabbits, in which skin warts with a tendency toward cancer progression can be induced by CRPV. Established skin lesions induced by CRPV were successfully eradicated by vaccination with long overlapping peptides representing the entire sequence of CRPV E6 and E7, associated with viral clearance as established by PCR in a high percentage of lesions (13) . Vaccination with CRPV E6 and E7 peptides induced a robust T-helper type 1 response, which was associated with clearance of the CRPV-induced warts (13) . In line with these preclinical results, the current phase I clinical study shows that vaccination with multiple overlapping peptides representing the entire E6/E7 sequence of HPV16 induces a robust IFNg ELISPOT response against multiple epitopes of both the E6 and E7 proteins. Moreover, the current Fig. 2 . Antigen competition between E6 and E7 when administered admixed. The median of positiveT-cell responses as measured by IFNg ELISPOT in blood sample before vaccination (pre) and after three or four vaccinations (post) is depicted for HPV16 E6 (left) and E7 (right) for the three patient groups (white columns, group1; gray columns, group 2; black columns, group 3). This shows that after vaccination significant induction of type 1T-cell immunity is found for E6 in all patient groups. The results obtained for each patient group did not differ. However, only after separation of the E7 from the E6, which was the case in patient groups 2 and 3, a significant enhancement of the E7 response was observed (P = 0.02). clinical HPV E6/E7 long peptides vaccine also induces both HPV E6/E7-specific CD4 and CD8 T-cell responses (33) . Interestingly, our studies on the immune response to HPV16 (15, 16) convincingly showed that patients with cervical cancer fail to spontaneously mount IFNg-producing T-cell responses against the early HPV16 proteins E2, E6, and E7. Indeed, the cervical cancer patients studied in this phase I trial all lacked robust IFNg T-cell responses to HPV16 E6 and E7 before vaccination but mounted robust T-cell responses to E6 and E7 following HPV16 E6/E7 long peptide immunotherapy. These immune responses are higher than the memory T-cell response detected in healthy women that have spontaneously cleared the virus (14 -18) .
Our results clearly show that the response to E6 dominates over that against E7 when the HPV16 peptides are injected in a single s.c. site in most patients, suggesting antigenic competition at the level of the local draining lymph nodes. When the s.c. injections of E6 and E7 peptides were separated, the response to E7 became more robust with significantly more patients responding to E7 and also a more vigorous IFNg-producing T-cell immunity compared with the E7-specific response following coinjection of E6/E7 in a single site. These results indicate that the use of a synthetic long peptides vaccine is a robust way to prime (and boost) therapeutic cell-mediated immune responses and its design allows swift changes (e.g., separation of E6 and E7 peptide antigens and inclusion of other antigens and adjuvants) and, therefore, supports rapid translation of new immunologic concepts into phase I/II trials in humans. Furthermore, these vaccines are easily produced, are chemically stable, and are devoid of oncogenic potential as well as free of bacterial/viral contaminating substances, hereby avoiding the antigenic competition often seen against viral vector-based vaccines expressing tumor-associated antigens or HIV antigens (19, 34 -36) or between simultaneously injected antigens such as is the case with fusion protein or gene products (20 -22) . Other approaches at therapeutic vaccination in cancer include administration of antigen-loaded dendritic cells; however, this requires specialized laboratories that prepare autologous dendritic cells for each individual patient (37, 38) .
The first published attempt at immunotherapy of (pre-) malignant lesions induced by high-risk HPV concerns vaccination of patients with early-stage cervical cancer with recombinant vaccinia virus expressing detoxified HPV16/18 E6/E7 (39) . In this study, a few patients showed a HPV-specific CD8 + T-cell response and one patient experienced a complete remission. In our previous clinical vaccination study in end-stage cervical cancer patients with exact HLA class I -binding E7 peptides, we did not observe HPV-specific immunity (27) . Our current data indicate that this does not mean failure of patients with end-stage cervical cancer to respond to peptide vaccination because they responded vigorously to both E6 and E7 long HPV peptides; the T-cell response rate was at least 80% and the same long peptide vaccine showed a 100% HPV16-specific CD4 + and CD8 + T-cell response in cervical cancer patients vaccinated postoperatively (33) . Therefore, in these categories of patients, the use of a mix of E6 and E7 long peptides seems to be very successful at inducing both strong CD4 + and CD8 + T-cell responses. It seems likely that long peptide immunotherapy by itself cannot exert an effective therapeutic action in most patients with established cervical cancer. Reasons for this may be improper polarization of tumor-specific immune responses, including induction of Foxp3-positive HPV-specific (regulatory) T cells (30, 33, 40, 41) , immunoediting, including down-regulation of MHC class I molecules or processing molecules (42 -44) , and failure of effector T cells to properly home into cancer tissues (40, 45, 46) . In the present study, one patient experienced a complete remission confirmed by computed tomography scan, whereas five others remained stable over a long period. The patient with a complete remission had been treated with chemoradiation before immunotherapy and four of the five others were treated with platin-containing chemotherapy after the vaccination. Although anecdotal and not an end point in the present study, this kind of long-lasting responses in cervix carcinoma are very rare. Recent publications in preclinical models indicate the benefit of combined chemotherapy or irradiation with immunotherapy (47, 48) . A recent study reported that patients with lung cancer showed no survival benefit following vaccination with a recombinant adenovirus expressing wild-type p53. However, subsequent chemotherapy bestowed a significant survival advantage onto the vaccinated patients, whereas chemotherapy alone was of no benefit (49, 50) .
Immunotherapy alone may be more successful in patients with premalignant HPV16-induced lesions, such as vulvar intraepithelial neoplasia. In a phase I trial with recombinant HPV16 E6/E7 vaccinia virus, this vaccine was well tolerated in patients with early-stage cervical cancer and induced HPVspecific CTL responses (51) . Subsequently, 12 women with high-grade anogenital intraepithelial neoplasia were treated with this vaccine and 5 patients experienced at least 50% reduction in lesions with 1 patient achieving complete remission of her lesion (21) . In a similar study with the same vaccine in 18 patients with HPV16-positive high-grade vulvar intraepithelial neoplasia, 8 of 18 patients showed at least 50% lesion reduction and 13 women showed an increased HPVspecific immune response by one or more immune assays (52) . Likewise, of 29 women immunized with a recombinant HPV16 L2/E6/E7 fusion protein followed by boosting with the same recombinant HPV16 E6/E7 recombinant vaccinia virus, HPV16-specific immune responses were recorded but there was no simple relationship between clinical responses and HPV-specific immune responses (22) .
In conclusion, our study shows that HPV16 E6/E7 long peptides vaccination is safe and highly immunogenic. It was found to induce robust IFNg T-cell responses to HPV16 E6/E7 antigens in end-stage cervical cancer patients. Failure to generate such responses in HPV16-infected women is a risk factor for the development of cervical cancer and such responses are generally absent or weak in cervical cancer patients. For patients with cervical cancer and other HPV-related neoplasias, we advocate exploration of potential benefit of combined treatment modalities, including conventional treatments by surgery, chemotherapy, and/or irradiation, in conjunction with the currently described immunotherapy. In patients with premalignant lesions, immunotherapy with long peptides alone is attractive and a trial to explore therapeutic benefit in such patients has been initiated.
